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CH.1 THESIS DEVELOPMENT
Mental health awareness is becoming a topic that is
gaining more attention. Business, schools, and nearly
every aspect of life are making sure that individuals are
paying more attention to their mental state. Architecture
has always had an emphasis on creating spaces that
are elevated and recently the topic of the psychology of
space is playing a bigger role in design. Structure itself
is the foundation of any form of architecture and this has
the biggest connection to the spaces it makes, which in
turn can be the catalyst for spaces that are designed for
the raising concerns of mental health, being informative or
performative based on the program.

1
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1.1 PREFACE
Even with the advancements of today’s medicine and
medical procedures, the biggest problem Americans face
is healthcare. Every year the finical burden of healthcare
increases and the choice of individuals have decreased. On
average, the leading chronic diseases cost Americans $3.5
trillion. Several suggestions are being provided, from more
or less government involvement to a total restructuring of
the system. On the surface, these might appear to be
legitimate options and very well could be but what they
fail to address is the actual health of the individuals who
need healthcare.
Overall health is still facing an uphill battle as mental and
physical health issues are rising in many parts of the
country. Businesses are taking notice of these increases as
they also see their office productivity decrease. This has
sparked an office evolution in which amenities are being
provided to combat these symptoms of unhealth seen in
the workplace. Businesses aren’t the only place seeing
the effects of mental and physical health. The educational
system is also asking questions about mental health in
students and why students appear to be having such a
hard time with their overall health.
The complexity of wellness is equally as complex as
the human brain itself, which happens to be the location
for most, if not all the more relevant issues Americans
currently face. Hypertension affects 12.5% of the
population, followed by major depression at 9% and then

S

3.5
Trillion

High Cholesterol at 8.6%. These three health issues are
often interlinked with one another and can be contributed
to a lack of exercise and poor diet. Mental illnesses
such as depression and anxiety can have roots linked to
poor diet as well. The most overlooked aspect of these
is either a lack of knowledge about these issues or a
misunderstanding of how their habits have led to them.
To fix this requires education to be at the forefront of
everyone seeking wellness.

of life rather than a trend. This increase in business is
also correlated with the increase in the need for such a
business. In the US, nearly half of the adult population
will face a mental health issue in their lifetime. The same
report also indicates that “half of all mental disorders
begin by age 14 and three-quarters by age 24”. This
is alarming as some of the most developmental years of
one’s life are entangled with mental health issues. What
is even more surprising is that “In the United States, only
41 percent of the people who had a mental disorder in
the past year received professional health care of other
services”.

In some instances, these chronic diseases are hereditary
and are associated with aging people, but a vast majority
of those effects have links to earlier lifestyle choices.
The cause of the three major health issues is the main
result of unaddressed root issues. There are a number of
contributing factors but the most prevalent across all age
groups and genders are anxiety and depression. What was
once an unforeseen issue is starting to make its way into
the light. This is partly due to the advances of technology
and the access we have to express these issues, but it
is also intertwined with the acknowledgment that we are
facing issues that society has yet to have seen.

The market is seeing increases in business yet there
still seems to be such a disconnect with those suffering
from mental health issues. Wellness is seen as a trend,
a fade, and even just a hobby that one does for fun.
These views create a barrier for those who are seeking
wellness because they are unwell. Healthy people tend to
have healthy habits and a healthy balance in their lifestyle
choices. While these individuals practice wellness behaviors
regularly, which is the intended goal of wellness, the stigma
around health issues grows as they themselves might not
be directly in need of establishing wellness in their life.
around health issues grows as they themselves might not
be directly in need establishing wellness in their life.

Globally, the market for wellness has been growing. In
2Globally, the market for wellness has been growing. In
2017 the Global Wellness Institute (GWI) valued the
industry at $4.2 trillion. This is an increase of 12.8% over
the previous two years. These increases in the industry
are a positive step in establishing wellness as a way

12.5%
Hypertension

9%

8.6%

Major
Depression

High
Cholesterol

S

Agreement:
Thats’ right. People with
mental illness are weak
.

Application
:
I am mentally ill so I
must be weak.

Harm:
Because I am weak, I
am not worthy or able

Why try...

12.8%
4.2
Trillion

Awareness:
The public believes
people with mental illness
are weak

ToTopursue
pursuea ajob,job,I am
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notnot
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e abl

41%
Figure (1.1)
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{Sources: 1,2,3,4,5}

Figure (1.1.2)

{Sources: 1,2,3,4,5}

There is a societal stigma around mental health
issues and those who are suffering take those perceived
notions and internalize them. This furthers the issue and
only drives the individual into a deeper inner loop that
continues to separate them from others and society.

“Self-stigma has often been equated with perceived
stigma; for example, a person’s recognition that the public holds
prejudice and will discriminate against them because of their
mental illness label.7 In particular, perceived devaluation and
discrimination is thought to lead to diminished self-esteem and
-efficacy. We believe this to actually be the first stage of a
progressive model of self-stigma (Figure 1). As such, we see
the process of internalizing public stigmas as occurring through
a series of stages that successively follow one another.2,4,10,11
In the general model, a person with an undesired condition is
aware of public stigma about their condition (Awareness). This
person may then agree that these negative public stereotypes
are true about the group (Agreement). Subsequently, the person
concurs that these strategic decision to let others know about
one’s struggle toward recovery. Then, we will discuss individual
and societal level methods for reducing self-stigma.”

the real issues at hand. Separation is the heart
of the challenges we face. Steps are being taken in
combining and integrating wellness into every aspect
of life but there are many hurdles still left to face.
Education and experience are the two most potent methods
for learning. To change the stigma, society must be educated
on the current stigma and why it is false. Breaking down
the barriers that divide those who are seeking wellness
and those who are currently practicing wellness opens up
the doorway that allows it to flow between both cases.
This is where the education aspect of wellness it vital.
Herein lies the opportunity for architectural intervention.
Spaces imbue a sense of self and awareness that some
are not aware of but are fully present anytime we occupy
a space. These spaces could become a conversational
catalyst that addresses mental health issues or spaces that
reinforce programmatic elements the help combat mental
issues.

Society acknowledges the needs and issues of mental
health and based on the growing business around the
industry, steps are being taken to increase the availability
of methods to combat unhealth. The issue of stigma
still exists though because the solutions are only for the
symptoms rather than the causes. The products being
created: spas, beauty salons, gyms, yoga classes, and
psychological services are effective methods for helping
individuals achieve and maintain wellness. The issue lies
within the divided approach we have taken up to solve

Thesis Development
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1.2 QUESTIONS
My thesis is somehow the summary of my academic
journey, on how my interests have evolved but my desires
remained the same. You see, I didn’t always want to
be an architect. When I started my academic career, I
was actually a major in psychology. My desire was to
understand and help others, and I thought this was the
path that would have taken me there. Like any good
major in psychology, I spend time practicing and reading,
lots of reading. In my studies one concept seemed to
be recurring: the connection between body and mind,
between emotions and rational processes, between thinking
and wellbeing. A never-ending dichotomy that is naturally
“embedded” within ourselves and yet difficult to grasp.
During the years, my passion for psychology remained but
I learned enough about myself to know that this was not
the career for me. With the same desire of helping others,
I stepped into the field of architecture. My education
progressed and I was being exposed to all the various
types of architecture and styles, from Vitruvius, Semper,
Alberti, to the more modern Candela, Otto, Calatrava.
They all mentioned the underlying dynamic of structures
and their intricate connection to architectural design. A
pattern started to emerge. A pattern between form and
function, design, and technology; in other terms I found
myself puzzling again between body and mind. Realizing
that I asked myself if space can evoke a sense of emotion,
as a designer how can I take my understanding of this
dichotomy between design and structures and merge it
with the psychology of space? How can I produce an
environment that becomes a catalyst for those in that
space? What if I could take my passion to help others
achieve wellbeing through the design of the spaces?
The questions remained the same, but the tools have changed.
My thesis focuses on the use of the tensions generated

5
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1.3 THESIS STATEMENT
by the juxtaposition of form and function, tension and
compression, materials and design, conceptual and
programmatic aspects to create forms that are at the same
time structurally efficient, and that can promote a deep
sense of space. Much like in old Gothic cathedrals, where
the awe-inspiring nature of the columns, the massiveness of
the buttress, the beauty of the vault ribbing, they all evoke
a sense of spiritual awareness and connection to anyone
who experiences it, they reach a natural balance that is
expressed in the equilibrium between form and forces.
In my framework, the design process uses materials to
exploit their properties: cables create catenary structures,
rocks stand up in arches, wooden members are warped and
bent into long-lasting spans, and even blocky rigid concrete
becomes fluid and dynamic. My exploration will look at this
dichotomy to embed information that our eyes and body
can experience, to inform our brains of the environment
we are in, and thus to create mental processes that can
help us create a sense of space. The hope is that this
approach in the design could increase one’s self-connection
and thus provide an increased opportunity for wellness.
I believe that we as designers have an obligation to design for
the wellbeing of others, to help others. This desire can become
an embedded message, it can be an embedded form.

Thesis Statement

Overview

If form and structure give spatial qualities, then the
expression of both can be adjusted to inform a desired
spatial experience.

This thesis takes a look at the basic understanding
of structure as expressed in nature in the form of the
catenary curve. This curve produces a funicular structure in
response to gravitational loads. When inverted, this tensionbased cable becomes an optimized arch in compression.
This FORM as a result of gravity is the basis on which
any material can be used to make a space. Understanding
spatial qualities and expression of structure, the psychology
component is embedded, along with the secondary
structure, as a design component that can be dialed in
to produce a spatial quality that, in theory, should result
in an emotional response from individuals. By paring this
structural design methodology, we can design architecture
that directly reinforces the programmatic activity with spatial
qualities rooted in the most important aspect of any design,
structural integrity. As a result, the aim is to bring a new
understanding of the use of structure and bringing a deeper
understanding of spatial qualities to the field of architecture.

Initial Inputs

Question:
How can I produce an environment that becomes a
catalyst for those in that space?
What if I could take my passion to help others achieve
wellbeing through the design of space?
How can I take my understanding of this dichotomy
between design and structures and merge it with
psychology of space?

Structural design has always been the backbone
of any grand design. In many cases, the design of
the structure is what leads to its grandeur and lasting
impression into the ages. The design of structure is often an
implementation of optimization and functionality. Achieving
structural integrity while creating the space. This research
intends to investigate a theoretical application of structural
design that focuses on optimizing the use of structure
to produce a quality of space aimed at the response of
the human condition. Natural elements and structures that
occur in nature have inherent connectivity to them but are
influenced by a multitude of variables. Thus, focusing on
funicular structures and utilizing computational methods, this
research aims to establish a methodology of design that
embeds specific elements based on the desired response
of emotional connectivity of space. This human experience
leads to a deepened connection with space and as a
result, one’s self. This connection then could enhance
human performance to achieve a greater level of wellbeing.

Thesis Development
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1.4 PROPOSAL MATRIX
Design Principles

The goal is to establish a design logic that can be applied
to structural elements to further enhance the performance
of the occupants in a space based on the specific function
of that space. The reason for choosing structure for
the main system for interrogation and experimentation is
expressed in the design matrix.
The matrix is divided into two main sections. The left
consists of the core aspects of any architecture, starting
with two main theories or principles of architecture provided
by Vitruvius and Semper. These ideals establish the root
of all design can be linked to 3 or 4 main principles of
design and from which all architecture, dating back to the
primitive hut can be linked.

- Firmita (Structural
Integrity)
- Utilitas (Utility)
- Venustas (Beauty)
(Vitruvius)

- Hearth
- Roof
- Enclosure
- Mound

(Semper)

Elements of Design

- Aesthetics
[Form,Shape, Rhythm,
Size]

- Materiality
- Sustainability
- Functionality
- Assembly
- Expression
- Mood

[Smells, Sounds, Texture,
Light, Color]

Design Components

- Columns
- Beams
- Slabs
- Walls
- Stairs
- Windows
- Doors
- Ceilings

Vitruvian Triad

(Alberti)

Core principles from
which the basis of
architectural design
can be established. Of
which structure is
first and foremost.

List of design
elements that can
evoke a sense of
emotion and
response to the
design of a space.

Core components
that make up a
building and the
core components
for interrogation.

Form vs Function

Structural ElementsBeams, Columns,
Slabs, Walls

Function vs Form
Function of the space leads
to the design of the
elements. Function informs
the form; form being
structure.

Functional ElementsWalls, Windows,
Doors, Ceilings

Connection to the
space
The collection of
design elements
work together to
create the space.
Theses elements are
informed by the
elements of design
and these elements
are initially informed
by the principles of
design. The greater
the expression of
these principles, the
greater the
connection one has
to the space.

Vitruvius: Firmita
being the first
principle; without
structural integrity,
no other principles
can follow. Semper:
The hearth is first but
without the roof or
enclosure [structure]
then the core
principle cannot exist.
The most significant
principle is the
integrity [structure]
of the design.

Built Architecture

Design Result

Emotional Evoking
Factors

Design that
informs a human
response

Expressed Design
Components

Structural Integrity
&
Enclosure

Precipitable Design
Elements

Built architectural
elements become
the building and the
experience and
connection to the
space in which we
have based off of the
designed aspects of
the building, Linked
with Elements of
Design.

Being that structure
is the key element of
any design, it has the
most connections
with the architectural
expression and
emotional response
evoked by design.
Using the elements
of design as an
input variable, then
the design can be
manipulated to
evoke a response to
enhance the goal of
the space (achieve
wellness)

Built Architecture
instills a response
to the design. This
design can be
attributed to many
components of
the design but
these components
all are rooted in a
key element.

Figure (1.4.1)

7

Embedded Form |Huntington Brown

Thesis Development

8

1.5 THESIS FLOWCHART
This chart shows the progression and flow of research,
highlighting areas of study and outlining the more pertinent
and applied information gathered. Though not all topics
were covered in-depth, it is important to note that each
allows for a unique way in which a variant methodology
could be applied.

organization
of form
spatial arraignments

tension

qualities of space

spatial perception

intense

spatial behavior

Spatial
Analysis
spatial types

Mound

Hearth

Mood

Design
Principles

Aesthetics

Elements
of Design

Enclosure

Roof

Materiality
Expression

compression

Theory and
Mathematics

Sustainability

Beams

Nature and
Graphic Static

Windows
approach to structure

Design
Results

Doors

Walls
Structural Integrity
and Enclosure

Stairs

expressed design
components

Psychology
of Space

natures from and function

Precedents
presence

organization of form

Design
Matrix

bridges
shape of structure

graphical statistics

Cognition
pavillions

thrust network analysis
programmability
Computational application

shape morphing
formal expression

Fractal-like branching
Ceilings

Slabs

Form

pleasant

mild

Structure
of a Space

Thesis
Development

Design
Components

primary shape

visual perception
Assembly

Columns

Emotions

catenary curves

primary form

shape qualities

Sense

unpleasant

emotional response

Structural
Analysis

secondary structure

Embedded
embodied cogition

conceptual

organization of structure
spatial type

buildings
spatial arragment

Figure (1.5.1)
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CH.2 LITERATURE REVIEW
The section focuses previous research and
literature into the idea being proposed. The main
objective is to create a understanding from which
a processes can be developed. Taking a look at
how each key component of the proposal has
been explored and then building off the work that
has been done to further the conversation and
research in this area.

11
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2.1 INTRODUCTION
Given the complexity of my thesis and framework, I have
approached the project as a whole in two areas of study. These
areas are structural and psychological. The structural approach
involves understanding the theories and basic mathematics
behind architects and engineers’ use of the catenary curve as a
form-finding method and functional approach to design.
The psychological approach and review aim to establish
the logic behind the thesis and understand how psychology
and space are correlated. As with the structural review, the
psychological review has paved the baseline for experience
and thus the embedded aspect of the thesis.
The dichotomy between form and function, mind and body,
is nearly the same. The form can be related to the body
and heart and this makes up the qualitative experiences
of space and qualities of a person. As for the function
and mind, they are quantitative or quantifiable results
of information. Wellbeing is about achieving balance and
as such, the goal is to find that balance in the spaces
created. Linking the heart and mind, form and function in
a dance of structural expression and embedded aesthetics.
Fluid in creation but solid in the foundation.

Mind/Brain

Body/Heart

Qualitative

Form

Dichotomy

Quantitative

Function

Figure (2.1.1)
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2.2 THE STRUCTURE OF A SPACE
Theory and Mathematics

To understand structure this section aims to explain
the basic principles behind any structural problem as to
better understand the application. Forces can be broken
down into two basic forces, tension and compression.
Tension and compression refer to forces that attempt to
deform an object. The main difference between tension
and compression is that tension refers to forces that
attempt to elongate a body, whereas compression refers
to forces that attempt to shorten the body.
Tension

Tension refers to forces that attempt to elongate a
body. Whenever you hang an object from a string, for
example, the object’s weight pulls on the string, attempting
to elongate it. We call the force that is trying to stretch
the string “tension”. Due to tension, the molecules that
make up the string are forced to move away from their
equilibrium positions. The molecules attempt to move back
towards their equilibrium position, and in doing so they
pull back on the objects that attempt to elongate them.
If the forces balance out, then the system comes to an
equilibrium, although the string is still under tension and
may be elongated beyond its original length.

of the reduction in length divided by the original length
is referred to as the compressive strain.

I. Introduction A catenary is the name for a curve that
occurs naturally when a chain of uniform density is allowed
to hang. The word itself is derived from the Latin, catena,
which means chain.

The basic principle behind any structure is that it must
be able to stand due to gravitational loads. A funicular
structure is a structure that adopts the correct form in
response to an applied load in which the shape acts
in such a way as to achieve equilibrium. The purest
expression of this concept is the catenary curve. The
result of this is the cable finding equilibrium because of
the uniformly distributed load. A product of this curve
is that, when inverted, it becomes an arch that is
structurally optimized to resist a gravitational load. This
method of design is known as form finding, “formfinding, whose goal is to obtain shapes in equilibrium
with external loads- can be seen as a particular
case of structural optimization involving specific design
variable” (Coelho, 2013).

II. Mathematics In applications mathematicians are often
interested in finding a function to represent a particular
shape or situation. Consider the following three curves, all
with a similar appearance. (Kaplan, 2008)

Curve A is a parabola the graph of a quadratic equation
generally introduced in high school algebra course. The
curve shown is a portion of the graph of p(x) = x2
. Curve B is part of the graph of a trigonometric sine
curve, generally studied in high school precalculus course.
The curve shown is a portion of the graph of f(x) =
cos x. Curve c is a portion of a hyperbolic cosine curve,
also know as a catenary curve. Visually, we see that the
curve appears to have the same basic shape. The basic
equation for a parabola is p(x) = x2. The general form
for the hyperbolic cosine is
c(x) =

Compression

Compression refers to forces that attempt to shorten
an object. For example, if you push down on a spring you
are exerting a compressive force on it. If compressive
forces act along one direction, the compression is called
uniaxial. If the compressive forces act along two or three
directions, they are termed biaxial and triaxial compression
respectively. The compressive force per unit area (once
again, we refer to the cross-sectional area here) of
the object is called compressive stress. The ratio of

15
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Curve A

Curve B

-x
a xa
e +ea
2

Since x2 = (-x)2 , p(x) = p(-x). The trigonometric
identity cos(-x) implies that f(x) = f(-x). Since
The figure 2.2.1 shows this basic principle in action, tension
and compression and how the objects are being deformed
(extensively to show the concept) and result of the new
shape (solid lines) in comparison to the original shape
(dotted).

c(x) =

Figure (2.2.1)

x
-x
-x
a xa
a -xa
a xa
e + ea =
e + e a = c(x)
e +ea =
2
2
2

the catenary is an even function. Thus, all three curves
share the this property. By using simple transformations
of these functions we can superimpose one on another.
(Kaplan, 2008)

Curve C

The solid line represents the hyperbolic cosine, the dashed line
represents the cosine function, and the dotted line represents
Figure (2.2.2, Kaplan)
the parabola.

Literature Review
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2.3 REVIEWING NATURE AND GRAPHIC STATIC
Natures Form and Function

Capturing this “spiritual union” is the crux of any
good design and as such, the intent for this research.
“Space is just a vessel, but not just any vessel: it is a
vessel of life.” (Papageorgiou, 2016) The space given
by this vessel is the structure that forms the space.
To better approach the design of a space, a better
look at the design of structure is important and also
informative in the decision-making process. Before there
were buildings, there was nature, being the first to truly
build. There is an inherent knowledge and connection
with the structures of the natural systems and how those
systems can be incorporated into architectural design. It
is important to note that the intent of the research of
natural structures is not the replicate them or produce
bio-mimetic spaces but rather learn from the approach
of bio-mimicry from a design perspective. “The concept
of Biomimicry, considering as the science and philosophy
of learning from nature, is of a source of architectural
design inspiration with different approaches undertaken
by architects and engineers that refer to nature” (Rian,
Sassone, 2013)
The role of natural design process is that they result in
a phenomenological outcome-based on the form, shape,
or pattern. There is an inherent understanding that the
form and the mechanical properties of the system are
correlated. Relating to the form and function question,
nature is the purest example of this process taking place.
The key is that the shape and overall structural system
of nature is a physical response to the need and function
of the element. Branches of trees perform a number of
roles that don’t relate directly to their structural properties
and in many cases, the structural aspect of a branch has
to be negated for an added benefit of solar orientation.
This idea leads to the notion that complete structural

Approach to Structure

optimization at the cost of other processes makes a highly
efficient design less efficient. Efficiency without functionality

is essentially unless.

Structure can be approached in two different ways.
These two schools of thought are: Extreme structural
projects and conventional structural projects. In extreme
structural projects, the process of design is solely based
on solving the problem through strict structural design
solutions because the only way of solving it is as such.
Optimizing and design based on structural limits, these
types of projects can be seen as long-span projects such
as bridges or extremely tall ones such as skyscrapers. As
for conventional structural projects, freedom is given to the
design and how they want to utilize the structure. This
can be seen in projects where structural considerations
are a main driving force as shown by the work of
Santiago Calatrava. Elegant structural design becomes the
key component in the creation of his spaces. While some
projects use structure as the functional task of transferring
loads. This can be seen in some of the works of Zaha
Hadid in which they are form-driven and then structure
is applied to give life to the form. Neither being right
or wrong, these two schools of thought are important to
note as a balance between these two is the goal of this
research project.

Embedded Form |Huntington Brown

proponent of investigation and interrogation. Mentioning
nature and natural systems, there is a key concept that
can be learned from nature and that is that “Overall
structural geometry (structural form) in nature has
relatively high level of integration as well as strong visual
relations with other systems.”(Mosseri, 2004). This idea
can be further explored and expressed through the work
of (Rian) and (Sassone) in their research article “Treeinspired dendriform and fractal-like branching structures in
architecture: a brief history overview”.

Herein lies the middle ground, “archistructure” as noted
by (Mosseri, 2004). “Here there is a strong correlation
between form, loads and materials and in many cases,
the equation is – “architecture = structure and structure =
architecture” (Mosseri, 2004) This approach, or school
of thought works in conjunction with the “form vs function”
conversation mentioned earlier. To further this discussion,
variables of structural systems need to be accounted for
as these variables shape the structure and thus the space
being created. Strictly focusing on the structural systems
these variables can be noted in figure 3. These design
Figure (2.3.1)
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variables become an important touchstone for designers as
they approach a problem and manipulate these variables
to attain the desired outcome. Taking a closer look at the
structural components as expressed in architecture are:
beams, columns, members, slabs, domes, arches, barrel
vaults, rings, cables, fabrics, etc. these consist of four
overarching component principles 1) pointed elements. 2)
Linear elements. 3) surface elements. 4) spatial elements.
In both nature and manmade architecture, these principles
can both be found and are to become the main proponent

Figure (2.3.2, Mosseri)
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Fractal-like Branching (Biomimetic)

Beginning with fractal geometry, “it is a branch
of mathematics that studies abstract configurations
characterized by self-similarity patterns and recursive
growth.”(Rian, Sassone, 2013) The study of this type
of configuration has led to the understanding of the form
and patterning of nature. Nature is ingrained with structural
efficiencies and patterning that adhere to functionality that
leads to the expressed form. The biomechanics of nature
such as trees and their branches are formed in such a
way as to create stability and are optimized their shape
to follow structural demands. In the 6th century, we
begin to see an architectural representation of this idea of
fractal design in the semi-circular masonry arch-vaulted
used in Byzantine Architecture. The most wildly expressed
architectural expression of this idea can be seen when
exploring the 9th-16th century Gothic Architecture. The
tree-like structures not only exhibit expressed structural
load tracing but become a qualitative experiential aspect
of the design that relates and correlates directly with the
“feel” and quality of the space. The application of modern
techniques has been applied to this idea of fractal or treeinspired dendriform structures. Though not directly related,
the idea and methodology of designing and form-finding
become a touchstone from which further research can be
conducted. This methodology can be understood by this
explanation: “In designing a pair of structural columns,
an initial shape and design parameters were taken as a
starting point and modified during the design process. So,
as design parameters and the initial condition in terms
of height, volume, loads, supports points, or functional
requirements were established. Then, using shape analysis
methods, the initial system evolved in multiple directions
with the purpose of optimizing its structural behavior. The
design parameters were modified during this phase, and

Computational Application

the optimal structure with the most interesting shape was
chosen from the population of all final shapes of optimal
structures.” (Rian, Sassone, 2013). Not only does this
approach yielded many results, but the form-finding nature
of the process allows for the most interesting shape to

be selected that is still optimized structurally. Designing
based on nature begins with an inherent logic or set of
parameters but due to a multitude of optimized choices,
we find that nature has a way of developing a variety of
forms from the same logic.

Figure (2.3.3, Frei Otto)
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Understanding this methodology is important to
the process and development of new design logic and
application. A facet of this research and investigation is
not to develop a new theory of architecture but rather to
apply a new method of design thinking. In recent years,
the work of Patrik Schumacher (2010) has been
questioning the widely accepted “form follows function”
of the modern movement and instead suggests that
“form powers function”. This new way of thinking is
associated with his suggested new theory of architecture
“Parametricism”(Jormakka, 2012). The importance of
this notion of a new theory of architecture is that it
encapsulates a new way of thinking about the way space
is made and created. Challenging the typical notions
and questioning the modernists’ model of separation and
repetition, the guiding principles of parametricism are
rooted in differentiation and correlation. Typically, the form
is expressed as an outward expression the becomes an
inward spatial experience. This is an ever-changing and
evolving approach to creating a “new” space but as
suggested by this research, space becomes the subject of
formal manipulation based on an external framework. This
external framework has to be established as the internal
function needs a basis for its application.
As expressed, a new method of thinking is the real
focus of this investigation rather than an argumentative
stance of the development of a new theory. Instead, it
is of interest to note that “The discourse in architecture
of form making vs form finding ultimately concerns the
relation of automation to the design process, in which, the
later parametricist school of thought relies predominantly
on the curation of automated functions of algorithmic
design parameters, as opposed to design conceptualism
grounded in the historical discipline of architecture and

transformation…”(McNamara, 2017). Form can operate
with a function, i.e. art, but function cannot operate without
a form. This brings us back to the initial suggestion that
is the core of any architectural design is that it must be
rooted in a structural system whether it be structurally

driven or formally driven with an introduction of structural
validity. As expressed by the notion of catenary curves
and funicular structures, these are purely derivatives of
forms based on gravitational loads on the cable.

Parametric logic process and flow. Parametric process and
results example.
Figure (2.3.4, Jormakka)
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Graphic Statistics

Mathematical and theoretical frameworks have been
established through this structural observation and have
been taken into an ever-evolving use of form-finding
and simplified force density method (FDM). The most
notable designer of Catalan Modernism is Antoni Gaudi.
Though there are many notable aspects of his design, I
am focusing on one aspect and that is the design and
method of structural calculations. As with this research
exploration, Gaudi’s structural design was at the forefront
of his designs. Vaults and arches are nothing new or
revolutionary during the 17th century but the realization
of the hanging cable was analogous with the equilibrium
problem of an arch was a structural stroke of brilliance.
The way in which Gaudi took this idea is what makes
him a masterful designer. “Gaudi used the concept of
catenary arches in a completely original way: to integrate
the structural design into the process of architectural
design”(Huerta, 2006). The structural problem from a
2-dimensional self-supported approach, i.e. a funicular
structure is an easy solution given to us and expressed in
the introduction to catenary curves. What is later explained
as a “transformed catenary” is defined as a response
to the support of loads upon the arch. These catenary
arches can be mathematically calculated with the formula
y= a cosh [ 2x/l cosh-1 a+b/a]. Gaudi opted to use
a physical model approach in which he would hang a
cable and apply a load, measure the vertical distance and
through a series of repetitions, a similar result would be
assumed in line with the mathematical approach.
Along with the use of Graphic Statics, he would find
the forces based on their geometry. This whole process
works in a 2-dimensional plane, which requires a series
of slices into the arches to determine the optimal shape
in a 3-dimensional arch. In order to find a more direct
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approach in which the design of the arch was already
accounting of structural loads “Gaudi soon realized that, in
the most general case, the only possible solution was to
use space-hanging models”.(Heurta, 2006) This method
was a two-step process that utilized the basic catenary
curve to result in an initial shape-finding process. Once

satisfied this initial shape was then taken and the curves
were given weights to simulate applied loads. These loads
reshaped the curves and thus modifying the model until
it obtained the desired look. This then became the final
model from which the design could be made.

Figure (2.3.5, Gaudi)

Figures (2.3.6, Gaudi)
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Thrust Network Analysis (TNA)

Taking inspiration from Gaudi, a new methodology is
gaining popularity in the field of computational designing.
While the traditional practice developed by Gaudi was
2-D and used “slices” throughout the design, more recent
advancements in technology and computational methods
have made 3-Dimensional equilibrium designs possible.
“The Thrust Network Analysis [TNA], extending graphical
statistics to the third dimension for vertical loading, enables
the explicit representation and control of all degrees of
freedom in funicular structures” (Rippmann, 2013).
While the use of catenary curves is limited, this new
methodology is dynamic and interactive in exploring forms
that are much more complex. Catenary curves are also
limited to the length of the chain and the span between
the points, thus limiting the overall expression which they
can take. While the use of RhinoVAULTS, a grasshopper
plugin for Rhino, allows for modification and manipulation
of these funicular structures as they find equilibrium. This
can be achieved by: global and local force attractors,
creation of openings and open edge arches, redirection
of the flow of forces, a change of the support conditions,
and integration of continuous tension ties (Rippmann,
2013). Expanding on the modifiability of these structures,
penalization can also be implemented to enhance the
efficiency and also the design aesthetic. Once the load
paths have been established, areas that do not need
material can be voided and thus leaving an added level of
aesthetic design that can be embedded within the structure
(Hadilou, 2014). The use of this method provides the
designer with real-time form-finding practices in a highly
dynamic and modifiable environment. Once designed,
these shell-based structures are highly expressive in their
forms as a visual representation of forces, have innate
intuitiveness that can be seen and felt, are fast solving,
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and modification to be embedded within them (Block,
2007) As a result, this methodology provides a template
from which architectural design meets structural integrity.

This middle ground that the application and intervention of
embedded information’s will be applied to result in a 3rd
implication: embodied cognitive design elements.

Figure (2.3.7, Ochsendorf)

Figure 2.3.8 An edge arch - incorrectly - seems to have
an infinite number of equilibrium solutions. A simple
edge arch condition is considered: (b) prole of a parabola
ending into a triangular edge \arch” and (c) the

equilibrium of the triangular edge condition. (d) is a part
of the pseudo 3-D analysis of a vault for Mapungubwe
in South Africa (see (2.3.9). (Peter Rich Architects,
2010).

Figure (2.3.8, Rich)

Figure (2.3.9, Ochsendor)
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2.4 CATENARY CURVES
Parametric Explorations
The benefit of this approach is the parametric nature of this
exercise. It can either be done through a computational method
using a software or it can be done through physical modeling.
Both result in the same outcomes though at different scales. As
shown in (figure 2.4.1) [Grasshopper] and Figure (2.4.3)
[physical.]

The early stages of research began with the modeling
of the catenary curve in both the digital realm through
computational methods and also the physical realm through
models. Both are equally simple in terms of their form
and the process to find the form. These models also only
work in tension.

It is important to note that the results of these curves are
only optimized in response to gravitational loads as stated
previously. Once external loads are applied, these curves
become parabolic in nature. To further optimize these
curves, other structural elements would need to be applied
to have real-world applications. As for the basic shape, the
form is a result of the function. Though not the purpose
of this paper and research, the “Form follows function”
and “Function Follows Form” is an important perspective to
take into consideration. The structure becomes the formal
expression of the function but in the case of catenary and
funicular curves, the function of the arch leads to form as
a result of the gravitational loads acting on the string or
cable. Herein lies an opportunity to explore both notions
as the function of a structural element is directly related
to the form of the member, i.e. the design of the element
is determined by the structural load requirements. With the
more widely accepted “Form ever follows function” stated
by Louis Sullivan, the functionality or program, of the space
determines the quality and type of space. Neither argument
is right or wrong but rather the dogma arguments pose a
unique approach to the way in which the design process
should be carried out. This idea is expressed through
Frank Lloyd Wright who stated, “Form and Function should
be one, joined in a spiritual union.” (Lipman and Wright,
1986)

The digital version was created with the grasshopper
script in Rhino 6/7. This simple script uses two points
that become the anchors for the curve. The length of
the curve can be determined by the slider and the space
between the points can be adjusted by moving them
physically in the rhino work space.

Figure (2.4.1)
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Figure (2.4.2)
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Figure (2.4.3)
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2.5 CONCLUSIONS
Even with the advancements of today’s technology and
computational processes, the importance of his work is
still seen today. Thought it exists in a digital realm, the
physical act of making a space is an important park of
the design process. The work of Gaudi, though completely
driven by achieving a state of equilibrium through external
forces, provides a conceptual framework from which
this research can explore a similar process of shapefinding. With the mathematic and theoretical application of
catenary curves explored and established, there is also the
qualitative and experiential aspects of deigning with them.
Starting from a the simplest and easiest to visualized,
there are a number of bridges and monuments that take
a unique approach to designing with catenary curves.
These provide a raw example of utilitarian uses, along with
visual aesthetics. Stepping deeper into the work of Gaudi
and others, we will explore the experiential qualities that
have been produced, along with their materiality. Finally,
merging the two, an analysis of contemporary work that
combines utilitarian and experiential ideals will aid the in
framework from which a shape-finding process will begin.

Figure (2.5.1)

29

Embedded Form |Huntington Brown

Literature Review

30

2.6 INTRODUCTION
Emotions

Given the nature of this study, the program is not
a typical typology but rather the human experience. To
best understand this, experience is tied together with
emotions and there are the most key basic emotions:
Anger, disgust, fear, happiness, sadness, and surprise.
Accompanying these basic emotions are the secondary
emotions that are experienced on a spectrum. Given
the goal of making spaces that enhance quality of life,
wellbeing, and generally elevated human experience; the
intent is to focus only on the positive emotions.

Emotions are part of everyday life and inform us of the
situation we are in or the events we are experiencing.
Often unaware of the other factors influencing us, the
spaces we inhabit are equally important to our overall
experience. The emotions that are created determine
our mood, being happy or sad, excited or calm. These

Cognitive appraisal

- allows us to experience a much
larger and more complex set of secondary emotions.
Though they are in large part cognitive, our experiences of
the secondary emotions are determined in part by arousal
(vertical) and valance (horizontal)

Intense

AfraidA larmed
Angry

Cannon-Bard theory of emotions

Frustrated

James-Lange theory of emotions

Distressed

- that the experience of
emotion is determined by the intensity of the arousal we
are experiencing, but that the cognitive appraisal of the
situation determines what the emotion will be.
Emotion = arousal + cognition

Tense

Astonished
Excited
Happy
Delighted

Amused

Annoyed

Glad
Pleased
Content

Miserable
Sad

Serene

Depressed
Gloomy

Satisfied
At ease
Calm

Pleasant

Two-factor theory of emotion

Unpleasant

- the experience of
an emotion is accompanied by the physiological arousal.
- our experience
of an emotion is the result of the arousal we experience.

emotions can be helpful and progressive or hurtful and
compromising. The idea is that the subjective nature of
space can be designed to produce emotions that are
linked with the spatial needs of the occupant by the
arousal level and the cognitive feedback of the features
of the space.

Relaxed

Bored
Tired

Droopy

Sleepy

Mild

(Source: https://opentextbc.ca/introductiontopsychology)
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Figure (2.6.1)
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2.7 PSYCHOLOGY OF SPACE

2.8 SENSES

When asking what the main role or objective of
someone in the field of architecture does, the simplest
answer one can give is “we make space”. The space we
make are vitally important to the human experience. There
is a conscious and subconscious impression that the space
project upon us and as such we have a physiological
and psychological response. This idea of being embodied
in the spaces we inhabit is linked with this idea that the
spaces we inhabit become our third skin after clothes
and our physical skin. Just like with actual skin, this
third skin tells us about our environment and gives us
visual and sensory input to imbue us with a feeling of
consciousness and awareness. Architecture and buildings
are often associated with a cultural and social role in
which they play in society, but the focus of this research
is to dive into a deeper understanding of how space
affects the individual. Taking a look into Environmental
Psychology and the psychology of space, this research
intends to pinpoint a variable or factor. Establishing a
focused variable allows a direct correlation between the
manipulated variable and the design intent.

Taking this flow of perception, cognition, and emotional
response, we need to look deeper into how we
perceive the environment. The gateways of the mind
are the five senses: taste, touch, smell, sound, and
visual. Without delving too deep into the psychology
of all of these aspects, we are going to take a
few key points and factors as they deal with our
perception of space. One such factor is the effect of
noise. A place without noise, with the exception of
space, does not exist. The quality of noise though
is a highly influential facet of how space comes into
being. “As a result, noise is considered one of the
most commonly known stressors, in surveys related to
environmental psychology of what people like and do
not like in their neighborhood or community.”(Kader,
nd)Besides the noted stress-inducing factors of
noise, it is a product of multiple variables and a
good space can be rendered bad by improper
sound management. Given the variability of this, as
it currently stands, an understanding of the impact
of sound is noted. Though not neglected, to purely
design a space based on the variability of sound to
result in a space that promotes an emotional function
of a space is too indirect.

We know architecture has the ability to shape our
behavior. Take any design, good or bad, and simply
watch the interactions people have while in space. After
all, architecture is where life takes place. This means
that architecture has a direct relationship with experience.
These experiences have a direct correlation with behavior
and behavior has a direct link with the emotions of the
individual. Jon Lang explains this process through figure
4. “Information about the environment is obtained through
perceptual processes that are guided by schemata motivated
by needs. These schemata are partially learned. They form
a linkage between perception and cognition. They guide
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Spatial Perception

not only the perceptual processes but also emotional
responses (affect) and actions (spatial behavior), which
in turn affects the schemata as the outcomes of the
behavior are discerned.” (Kader, nd).

Affordances of the
Environment

Cognition and Affect

Emotional Response

Perception

Spacial Behavior

Perceptions of
the results of
Behavior

Schemata

Motivations/Needs
Figure (2.7.1)

These schemata are partially learned. They form a linkage between
perception and cognition. They guide not only the perceptual processes
but also emotional responses (affect) and actions (spatial behavior),
which in turn affects the schemata as the outcomes of the behavior
are discerned.” (Lang, P1).

TASTE

VISUAL

TOUCH

SPATIAL
PERCEPTION

SMELL

SOUND

Figure (2.8.1)

The gateway to the mind are the five senses: taste, touch, sound,
smell and visual. Each of these work together to inform us of the
space we inhabit.
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2.9 COGNITION
Visual Perception

Tying to the direct connection of the first skin and
third skin noted previously, the way we touch and feel
the environment shapes our experience of it. Firstly,
addressing the climatic experience of our skin provides us
with information about the temperature of the space. This
directly affects our physiological response as our bodies
are constantly seeking homeostasis. This variable should
be considered to seek a neutral environment from which
studies can be conducted during the testing phase of this
research. Materials themselves also embody a climatic
sense as stone or concrete have a colder feel to them,
while wood and fabrics have a warmth to them. These
aspects will be further explored as a secondary product
to enhance the overall space but are not be become the
sole focus of this research. Not only do materials have a
physical or tactility to them, but they also give us a visual
From a purely visual standpoint, we gather an eminence
amount of information based on the visual input we receive
from space. According to Kader, the visual sense is the
most important sense between all other senses that affect
human behavior in any architectural space. (Kader, nd).
Our visual senses are therefore the key component in
determining the overall space and the spatial experience.
A factor that can help or hurt our visual perception of an
environment is light. Not only does it allow us to perceive
a space but it itself has a quality to it. “Therefore designers
have to respect light and its effect in their designs. It
becomes not only a source of visual functioning in the
environment, but also a stimulus for the sense physically,
mentally, and emotionally”(Kader). Color is a result of
light and the absorption of it, thus color becomes a facet
that can further the experience of space and can have
a directly physical response. For example: red can be

Embodied Cognition

an energizing color and blue can be a calming color. A
brief look into color theory will be used and explored from
a purely theoretical but will not become a direct factor in
the design of a space given that it is not a designable
factor but an enhancing element. We don’t use one sense
at a time but rather we combine them all together to

provide an embodied cohesion that shapes the physical
and emotional response to the environment. Given the
brief look into the five senses, we can take a deeper
look into consciousness and the psychological relationality
of spaces.

TOUCH

TASTE

VISUAL

SPATIAL
PERCEPTION

SOUND

SMELL

In more recent years, research has been carried out in
the field of psychology that has emphasized the role that the
body plays in mental activities. “Embodied or 4E cognition
(EC) approaches emphasize the defining and constitutive
role that the body plays in mental activities.”(Cappuccio,
2020) The four E’s of Embodied Cognition are: embodied,
embedded, extended, and enacted cognition.(Menary,
2010). This idea coincides with the environmental and
psychology of space that argues that the spaces we
inhabit embed or embody a sense to them in which we
can perceive. This perception is something we can be
aware of or unaware of. Given the mind-body relationship,
there is an opportunity to superimpose specific spatial
features and elements within an environment that can be
perceived by the individual and thus form a physiological
and psychological connection within that space that has
an embedded cognitive function. Relating to the “form vs
function argument posed, the experiential aspect of space
becomes a functional derivative of the intended response.
The role of EC is that “EC stressed that sensorimotor
skills and bodily effects (denoting moods, emotions, and
feelings) enable and scaffold cognitive faculties such as
perception, attention, control, communication, and memory,
shaping and orienting the development of more intellectual
capacities that involve language processing and rational
judgment”(Cappuccio, 2020). The physical presence of
being in a space becomes an important facet of our
perception of the space.

Figure (2.8.2)

Figure (2.9.1)
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Presence

Another way of looking at this is by touching on
the subject of the theory of presence. Our brains have a
way of tricking ourselves into a sense of presence even
though we might not physically be there i.e. virtual reality.
“As a user experience the feeling of “being there” is
not intrinsically bound to any specific type of technology
– it is a product of the mind. In a normal day we
are seldom aware of our sense of presence in the
world”.(IJsselsteijn, 2002). Given our general lack of
awareness, the phenomenology of place has a much
more subconscious effect on our experiences than we
might originally think. There are numerous factors that tie
into our awareness of presence but the opportunity for
an architectural innovative design lies in the area between
conscious and subconscious. The complexity of the human
brain cannot simply be overridden by a singular aspect.
What is being suggested is that information and cognitive
cues can further enhance the intent of a space. The
space forms neurological correlations with the intent of the
individual and their actions. This works off the embodied
cognitive framework in which our bodies perceive a space
and promote a psychological response.
Expanding on this idea, “the body is a prerequisite to
discover and make sense of the world as a meaningful
experiential reality”(Cappuccio, 2020). The body, in
conjunction with sensory input, works together to establish
connectivity within a space. These spaces act as terrains
or territories that are a product of the psychological
relationality of a space. What this means is that there is
a psychological territorialization that occurs as part of the
creation of a space. In terms of geography, it is about
people and their relationships and associations within a
physical property. Continuing, this suggests that the notion
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Programmability

points to the continuity of forces at play that come from
activities and practices capturing life in particular modes
at specific points in time (Tucker, 2011). A space or
territory has a psychological association that is embedded
within the geographical relationship the space has to the
occupant. Like in a location in geography, there is a
physical association that can be expressed through the
physical terrain. In the case of this study, the space is
the terrain and the territory becomes identifiable by the
occupant. This mental map becomes an associated aspect
of the environment and forms mental habits based on
experiences. This is possible becomes in order to acquire
a habit, we do not reflect upon it, but we passively absorb
it. (Magri, 2016). Habits are an intrinsic part of life
and as we grow and adapt, we develop them throughout
our lifetime. Relying on the same processes, memory
and habit work together to form self. Hegel distinguishes
between habitability as the second nature of the embodied
self and a more sophisticated form of habitability that is
active as memory (Magri, 2016). Embodied self, or
soul, is an ever-forming and developing aspect of every
individual. The soul is a natural entity and as we develop,
there becomes a distinction between inward and outward.

The figure 2.9.2 diagrams the process of presence. This loop
of information processing gives us a sense of presence and self
awareness. With this process, we create a territory that embodies
our conscious and subconscious thus giving a internal geographical
relationship that informs our sense of self.

Embodied Cognition and a sense of territorialization are
habit-forming entities that are deeply rooted in the activities
we do. Given the multitude of factors in association with
the development of self through the flows and processes,
the aim is to embed sensationally driven design features
to suggest enhanced cognition as a direct connection
from perception. As part of the EC, a theory by Putnam,
suggests that “the computational theory of mind (the
thesis that cognitive functions are fundamentally algorithmic
in nature) and the principles of “multiple realizability” which
states that a cognitive function, like any other algorithmic
function, can be implemented by material support capable
of physically instantiating the relevant formal operations
of symbolic manipulation, Putnam). (Schreuder et al.,
2016) If we take what Putnam is suggesting, that
cognitive functions are essentially algorithmic, and with the
mind essentially working as a big computer, there is a
level of programmability. With an algorithmic disposition,
there is a sensitivity to suggestions already embedded with
the brain. “Sensitivity stands for a naturally sense-formed
receptivity, which passes through an alteration when
affected by something external. Sensations are, properly
speaking, forms of being affected, which in turn represents,
for Hegel, ‘alterations in the sustainability of the soul’.
On the one hand, sensation implies the internalization
of physical modifications of the sense organs, on the
other hand, such modifications are experienced as the
sedimentation of information provided by sense content”
(Magri, 2016). The brain is capable of creating a
neural correlation in association with sensations that further
enhance a sense of presence.

Figure (2.9.2)

Presence is connected with activity and context. This
is important to note at the programmability of a space

much directly correlate with the programmed activity (i.e.
what the space is used for). Environmental stimuli are
direct contributors of the effect on our emotions and
emotional experience(Schreuder et al., 2016). These
factors are typically multi-sensory driven and have a
series of underlying factors. The objective of this research
is to implement a series of known factors that are
directly embedded within the interior of a space that is
a direct result of architectural expression. This means
the shape, texture, materiality, and pattern/rhythmic
nature of the design are the key sensory elements being
embedded. These sensory inputs become programmable
elements that, like a computer, the brain process and
informs us our the space we inhabit. Given the notion
of embodied cognition and visual perception, the brain
can take the input and we can perceive the intended
cognitive experience based on the desired program. The
arousal of one’s perception can be monitored by an EEG
(electroencephalogram) that reads the brain waves of
individuals and their association with our cognitive state
(Azizi et al., 2017). This information can be used
to assess the self-awareness of an individual or their
neurological state. “The interaction of the person with the
surrounding environment leads to mental arousal known
as “general activation of mind” (Azizi et al., 2017).
Brain waves and their associated frequency (Hz) are a
numerical value of consciousness and cognition. Given the
suggestion of EC, a spatial frequency could be embedded
in the overall design that directly stimulates the individual.
As suggested, the frequency correlates with the program
and brain activity associated with the physical activity to
enhance the performative outcome of the individual.
Figure (2.9.3)
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2.10 CONCLUSION
Embodied Cognitive Design

The psychology of space is a multifaceted condition
in which the variability of each space is extremely
dynamic. The research has shown that the importance of
connecting the visual input with the physical program of
the space. This means matching the psychological state of
the person with the internal program of a space and then
embedding information that enhances this connection. This
embodied cognitive design approach means that the sense
of awareness, both conscious and subconscious, works
together to produce a mental and physical response. This
response reinforces the presence one has in the space
and operates on the idea of territorialization. The space
creates a territory, physically and mentally, and thus our
cognitive processes are imprinted with spatial information
that enhances our overall connectivity.

Body

Presence

Visual Perception
Spatial Perception

Embodied Cognition
Programmability

Psychological Focus

Mind

Figure (2.10.1)
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Source:41

CH.3 PRECEDENT
All over the world, the use of the catenary curve is
utilized to make buildings, bridges, pavilions, and
conceptual work. The formal express is clear and
expressive but the structural forces play the most
important role in the designs. On a smaller scale,
such as an open room or pavilion, the use of the
curve is much more experiential and successful
use of it will help guide further explorations.
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3.1 PRECEDENT SELECTION AND ANALYSIS
Structural Analysis

BRIDGES

BUILDINGS

PAVILIONS

CONCEPTUAL

When looking for precedents, the element that must
be expressed is a clear use of the catenary curve.
Though there is a multitude of ways it can be done
and programmatic uses, there are 4 main categories
bridges, buildings, pavilions, and conceptual proposals.
The idea was to explore the use of the curve in a different
setting and then to analyze a few of the projects to
understand how the system was used through a structural
analysis of the forces. This was done using a force
diagram method in which the forces work together to
create a system of equilibrium.

Spatial Analysis

The spatial analysis will consist of the qualities of
the type of space being generated and then link those
qualities with generalized emotional responses. This area
of review focuses more on the individual space rather than
the building as a whole. Though using the same formal
expression, the overall scale is much more at the human
level rather than the building scale used in the structural
analysis review of precedents.
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3.2 STRUCTURAL ANALYSIS
Project: Gateway Arch
Architect: Eero Saarinen
Location: St. Louise, Missouri
Year: 1948

From Source: The arch was designed by Finnish-born
American architect Eero Saarinen in 1948 and was
constructed between 1963 and 1965. The strong, elegant
shape of the arch represents a door to the western part of
the country. The arch is 630 feet (192 meters) tall, and
the distance between its two legs is equal to its height.
Inside are two trams, each of which consists of eight cars
that each carry up to five seated people at a time. Visitors
can take a four-minute tram ride to the viewing platform at
the top of the arch. Sixteen windows face east, and the
same number face west for views of the city, river, and
surrounding land. At the base of the arch, the Museum
of Westward Expansion features displays showing what
life was like in the 1800s, as well as exhibits on the
construction of the arch.

FigureFigure
(3.2.1)
(X)
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Project: Hulme Arch Bridge
Architect: Chris Wilkinson Architects
Location: Hulme,Manchester, England
Year: 1997

From Source: Stretford Road was divided into two halves
in 1969 by the construction of Princess Road.[2] A
footbridge was subsequently constructed, crossing Princess
Road at the same place as the road previously ran.
[3] As part of the regeneration of the Hulme district,
it was decided to construct a new bridge to rejoin the
two sections of the road, and also to provide a local
landmark. The bridge consists of a 50 meters (160 ft)
bridge deck of three 17 by 17 m (56 by 56 ft) steel
and concrete decking segments covered with tarmac.[4]
The deck is supported by twenty-two 51 mm diameter[5]
spiral steel cables originating from both sides of a 25
meters (82 ft) high arch. The parabolic arch is made of
six prefabricated trapezoid steel box sections, and spans
the bridge diagonally.

FigureFigure
(3.2.2)
(X)
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Project: Marquette Plaza
Architect: Gunnar Birkerts and Associates
Location: Minnesota USA
Year: 1973

From Source: Originally built to house the Federal Reserve
Bank of Minneapolis, Marquette Plaza is structurally unlike
any other building in downtown Minneapolis. A pair of
13-story concrete towers are connected by 24 catenary
cables, much like those of a suspension bridge, which in
turn support the building’s office floors. In a suspension
bridge, the piers would be reinforced by anchor cables;
in Marquette Plaza, the towers are reinforced by a steel
truss running between them. This arrangement removed
the need for internal support pillars within the office floors;
it did, however, result in an elongated building along the
north-south axis and narrow on the east-west.

FigureFigure
(3.2.3)
(X)
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3.3 PRECEDENT SPATIAL QUALITIES
Spatial Qualities

Spiritual/Awe-Inspiring

Rhythmic/Fluid

Calming/Relaxing

Focused/Structured

Exciting/Energizing

There is a correlation between the program and the
qualities of the spaces we inhabit. A space that is
spiritual or awe-inspiring is mostly associated with religious
practices. Another example is the work of Gaudi in
Casa Mila in which the rooms and spatial qualities are
meant to be calming and relaxing as it is a place of
dwelling. Yet another more conceptual use of structure
used in a pavilion/exhibition is the Voussoir Cloud. The
design by IwamotoScott Architecture intentionally “confuses
the structural and material strategies” to “redefine and
rediscover the notions of space.” This naturally piques
curiosity and excitement about the space created.
The program and the qualities work together with the
spatial types and arrangements of the space. This matrix
of spatial types, forms, arrangements, and organizations
will be the established baseline from which the forms will
be explored. The program (i.e. facet of wellness being
pursued) will be the base element and the fore-mentioned
factors will be applied to develop the form. Once the
form is established, the embedding of the space will be
explored.
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3.4 SPATIAL TYPES AND ARRANGEMENTS
Spatial Types

Small Space

Large Space

Tall Space

Wide Space

Narrow Space

Spatial types and programs are linked together as
there must be adequate space for the programmatic
needs. Though a program might only need a small
space, the result of the quality of the space can be
impacted. Understanding the basics behind spatial types
will become a parameter in generating spaces that work
with their qualities to inform feelings from a spatial level.
The qualities and attributes of each type of space differ in
relation to the program, as such the qualities they imbue
are generic as opposed to specific.
Small Spaces Positives: Cozy, Warm, comfortable, private,
Negatives: stuffy, cramped, low-ceiling
Large Spaces Positives: grand, vast, lofty, high-ceiling, airy, spacious
Negatives: empty, lonely, un-personal, overpowering, bulky
Tall Spaces Positives: elegant, upscale, congregational, powerful, ornate
Negatives: rigid, bare, institutional
Wide Spaces Positives: grand, massive, expansive
Negatives: vast, distant, plain,
Narrow Spaces Positives: Cozy, direct, forward-moving,
Negatives: dingy, tight, uncomfortable, gloomy

Interior Perspectives
Figure (3.4.1)
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Spatial Arrangement

Often we think of architecture as an arrangement of
spaces within a set of constraints in which we have to
devise a plan to fit within the set of constraints. “A robust
architecture is constrained by protocols, but the resulting
plug-and-play modularity that these shared constraints
enable deconstrained (i.e., make flexible) systems designed
using this architecture. Constraints give a convenient
starting language to formalize and quantify architecture and
ultimately, a mathematical foundation.”(Doyle, 2011).
There can be a parallel between the type of clothing we
wear and the type of space we are in. Referring back to
the third skin (the building) we can suggest that clothing,
the type of garment, its material, and how these define
the “outfit” determine the purpose and satisfy the need
of the user.

Space within a space - A space may be contained
with the volume of a larger space.

Centralized - a number of secondary forms clustered
about a dominant, central parent-form.

Centralized - A central, dominant space about which
a number of secondary spaces are grouped.

Linear - A series of forms arranged sequentially in a
row.

Linear - A linear sequence of repetitive spaces.

Radial - A composition of linear forms extending
outward from a central form in a radial manner.

Radial - A central space from which linear organizations
of space extend in a radial direction.

Clustered - A collection of forms grouped together by
proximity or sharing of a common visual trait.

Clustered - Spaces grouped by proximity or the
sharing of a common visual trait or relationship.

Grid - A set of modular forms related and regulated by
a three-dimensional grid.

Grid - Space organized within the field of a structural
grid of other three-dimensional framework.

Adjacent Spaces - Two spaces may but each
other or share a common border.

Space linked by common space - Two
spaces may rely on an intermediary space for their
relationship.

Figure (3.4.2)
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Spatial Organization

Interlocking - The field of a space may overlap the
volume of another space.

These constraints can be merged together with the types
of spaces and an arrangement of spaces to “fit” the
need of the program and thus maximize the use of
the space for the users. Taking these spatial qualities,
their arrangement, and devising a mathematical basis for
design is the initial step in the form-finding process. This
information will be the foundation in the formal creation of
each programmed space.
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Organization of form

Ching, 2014)

Ching, 2014)

Figure (3.4.3)

Figure (3.4.4)

Ching, 2014)
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3.5 SHAPE THEORY
Shapes Qualities

Taking the embodied psychology of spatial perception
and the form-finding implication of structural optimization
is where the middle ground of this thesis comes together.
Shapes have qualities about them:
Circles, Ovals and Ellipses
Community, Unity, Friendship, and Love

-

Positivity,

Squares and Rectangles - Stability, Balance,
Professionalism, Efficiency, Strength
Triangles - Power, Science, Religion, Law, Order,
Progression.
Vertical Lines - Masculinity, Strength, Aggression
Horizontal Lines - Community, Tranquility, Calm
These shapes and linear elements all have an embedded
meaning which we perceive and in turn, respond to
emotionally. These factors are also elements which can be
embedded into the elements of design or even the form
of the design itself.

Figure (3.5.1)
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3.6 ANALYZING PRECEDENTS
Taking all of the research and ways
to define and express space, I have
developed a way to analyze and
access precedents through this matrix.
Through this understanding, the matrix
will be defined not as a process of
understanding but of making. First,
it will look at a few built structures,
and then a look at the use of the
form within a singular or series of
structural members that make space.
Following these reviews, I will take
a deeper look into vaults and
shells as embedded structures. The
forms themselves are given and are
expressed as either the lofted or
vaulted formal expression. The nature
of how that form is embedded gives
both structural and spatial quality.
Taking these understandings, by
analyzing forms and structure as
makers of space, the finalized design
methodology can be developed.

Figure (3.6.1)
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3.7 STRUCTURE AS FORM
Exhibition Center Pavilion | Archi-Union Architects | China | 2019

Primary Form

Primary Shape

Form as Space

Organization of Structure

Structure as Space

Analysis

Formal Expression

Qualities of Structure

Expression of Structure

Spatial Type

Spatial Arrangement

Figure (3.6.1)
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LUUM Temple | CO-LAB Design Office | Mexico | 2019

Primary Form

Primary Shape

Form as Space

Organization of Structure

Structure as Space

Analysis

Formal Expression

Qualities of Structure

Expression of Structure

Spatial Type

Spatial Arrangement

Figure (3.7.2)
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3.8 FORM EMBEDDED IN STRUCTURE
Form as Space

ETH Zurich | ETH | Germany | 2018

Primary Form

Primary Shape

Organization of Structure

Analysis

Formal Expression

Structure as Space

Expression of Structure

Spatial Type

Spatial Arrangement

Figure (3.8.1)
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Form as Space
Primary Form

Primary Shape

Structure as Space
Qualities of Structure

Expression of Structure

Organization of Structure

Spatial Type

Formal Expression

Spatial Arrangement
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3.9 VAULTS AS EMBEDDED STRUCTURES
Vault Types

Vaults are structural systems which are composed of
curved ribs and surface elements that distribute loads
along ribs and plans, and have greatest efficiency when
resisting evenly distributed loads.
Barrel Vaults distribute the lines of force along a

continuous surface.
Cross Vaults subdivide the surfaces by distributing the

lines of force both along the surface and along the
resulting ribs located at the seams of each subdivision.
This subsystem is generated by the intersection of two
perpendicular pointed arches extruded across to meet at
a single apex.
Complex Rib Vaults further increase the degree of

surface subdivision and the number of ribs by introducing
ribs and apex points to a pointed arch configuration.
Fan Vaults increase the subdivision of the vaults surface

and the number of ribs by means of an array of pointed
arches with differing profiles, with the ribs and surfaces
between them forming a shell.
Cellular Vaults distribute the lines of forces primarily

along a highly subdivided surface that eliminates the need
for ribs and distributes the loads along the surface of
each facet.

(Moussavi,2009)
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Affects
Barrel Vault - Ribbing, Orientedness, Asymmetry,

Focusing, Specularity
Cross Vault - Crystallinity, Vaulting, Stepping, Axiality,

Diffusion
Complex Rib Vault - Stellatedness, Lateralness,

Verticality, Diffusion, Slowness
Fan Vault - Axiality, Fanning, Repetition, Diffusion,

Slowness
Cellular Vault - Diamonding, Cellularity, Differentiation,

Diffusion
(Moussavi,2009)

Qualities
Barrel Vault - Light, safe, soft, open, simple, defined
Cross Vault - rhythmic, balanced, smooth, gentle,

consistent
Complex Rib Vault - complex, structured, flowing,

elegant
Fan Vault - Busy, Exciting, ornate, kinetic, energetic
Cellular Vault - structured, defined, compartmented,

rigid, sharp
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Structure Unit

Barrel Vault

Cross Vault

Complex Rib Vault

Fan Vault

Cellular Vault
Figures (3.9.2)
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3.10 SHELLS
Shell Types
Shells are composed of surfaces that distribute loads

in plane and have the greatest efficiency when resisting
evenly distributed loads. Shells distribute loads along
surfaces that can be made of steel-reinforced concrete in
combination with masonry or glass to decrease their weight
or increase their porosity with respect to light.
Conical Shells are formed as a double-curved surface

that passes through a single apex at its center, subdividing
the surface into two congruent halves. In geometrical
terms, a conical surface is the infinite space formed by
the union of all the straight lines that pass through a fixed
point, or its apex, and any point of a fixed curve that does
not include the apex.
Three-pointed hyper-curved shells are formed

by hyperbolic surfaces that are double-curved and rest at
three points.

Conical Shell

Three-Pointed
Hyper-Curved Shells

(Moussavi,2009)
Figures (3.10.1)
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Affects

Affects

Conical Shell
(Left)- Piercing, Vaulting, Repetition, Focusing

Hyper-Curved Shell
(Left)- Centerdness, Triangularity, Scalloping, Diffusion

(Right)- Vaulting, Striation, Repetition, Specularity

(Right)- Scalloping, Lightness, Smoothness, Pleating,

Specularity
(Moussavi,2009)

(Moussavi,2009)

Qualities

Qualities

(Left)- rhythmic, balanced, defined, linear

(Left)- Kinetic, exciting, open, layered

(Right)- gentle, soft, balanced, rhythmic, light, open

(Right)- Soft, light, rhythmic, open, focusing, calming
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Structure Unit

Structure Unit

Figures (3.10.2)
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3.11 SUMMARY
There are two ways the catenary curve can be
formed, either in tension or compression. From there, a
seemingly limitless method in which it can be applied.
Changing the length, space between points, methods
of connecting the two together. What the precedent
study has allowed for in a basic understanding of how
it the structural properties work. The furthered analysis
of how the form makes spaces provided the process of
how to use the forms to create spatial qualities. Finally,
studying the embedded arches and shells allowed for
an understanding of how the form can be structured
to give vastly different spatial qualities. Elevating or
focusing the space. Creating a dynamic sense of
movement or a steady rhythm of flow.
Taking this into account, the following chapter will
introduce the design matrix and the application of the
process.
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CH.4 DESIGN
METHODOLOGY AND
STUDIES
This section introduces the design matrix and how
to apply the methodology to make space. The
examples are meant to express the form-making
process and the limits of its uses are not confined
to the shown examples. The idea is to express
how the matrix works and samples of how it can
be applied.
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A
A2
Emotional
Response

A1

Primary Form

A3
Primary Shape

B
A4

A5

Shape Morphing

Intense

Formal Expression

Pleasant
Compression

Square

Cutting

Triangle

Rotating

Circle

Reflecting

Circle

Linear

Square

Quad/Gridded

Linear

Radial

Triangle

Hexagonal

Radial

Clustered

Horizontal

Lofted

Vaulted

Grid

T

Happy
Delighted
Glad
Pleased

12

8

Content

8
4

Satisfied
At ease
Calm

4

Relaxed

Serene

C

Hz Height

L

C1

Organization of Structure

Centralized

Diamond

Clustered

Braced Grid

S

C

S

C

G

L

H

R

Spatial Types

Spatial Arrangements

Small Spaces

Space within a space

Large Spaces

Interlocking

Tall Spaces

Adjacent Spaces

Wide Spaces

Space linked by common
space

Narrow Spaces

Grid

Vertical

C2

S/W

L
I

S
T

R

R

T
A-S

Ref
C
C
C

1

C

Secondary Structure

Shear Wall

L
Pleasant

12

T

S

B3

Centralized

Astonished
Excited
Amused

B2

Shape of Structure

Intense

30

C

Organization of Form

Scaling

Mild

EMBEDDED

B1

A6

Translating
Tension

Hz

FORM

PROGRAM

4.1 DESIGN MATRIX

S

Sleepy
Tired

Architecturally decided moves subject to height and frequency

C
W

V

L/S
G

Mild

D

T

H

V

B

G
N

Architecturally decided moves Subject to depth and density

Figure (4.1.1)
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A2
Emotional
Response

A1

Primary Form

FORM

A3
Primary Shape

Intense

B
A4

Shape Morphing

A5
Formal Expression

Translating
Tension

Pleasant
Compression

Square

Cutting

Triangle

Rotating

Circle

Reflecting

Lofted

Vaulted

The catenary curve only
works in two ways,
tension or compression,
arch or tension cable.
This choice determines
the structural expression
of the form.

Anchor points are
needed to make the
form and each shape
has an embedded quality
and thus becomes the
base plan.

Morphing is an
architectural design
choice made by the
designer to establish
anchor lines. They can
be used in a series of
moves establish anchor
lines. These lines are
then divided into points
based off the Hz to
anchor individual curves.

Lofting and Vaulting refer
to the method of
connecting and
structuring the catenary
curves establishes from
the anchor lines. These
choices inform spatial
qualities as studied
earlier.

B3

Shape of Structure

Centralized

Circle

Linear

Square

Quad/Gridded

Linear

Radial

Triangle

Hexagonal

Radial

Clustered

Horizontal

Architecturally decided moves subject to height and frequency

Taking the research from the
psychology of space - The brain
works off frequencies and as such
Hz. Each space is considered a
“period” and as such the
frequency of catenary members
should correlate with the intended
frequency. Height also determines
spatial qualities, from the baseline
studies, height is initially
determined by its typical qualities.

B2

Organization of Form

Grid

Scaling

Mild

EMBEDDED

B1

A6

Determines the point
locations of the anchor
points along the anchor
lines established from
the shape morphing.

PROGRAM

A

Secondary Structure

Shear Wall

Diamond

Organization of Structure

Centralized

Clustered

Braced Grid
Grid

Vertical

Architecturally decided moves Subject to depth and density

Relating directly to the
expression of the
members themselves,
shapes and their linearity
have embedded
psychological qualities.

Once a form is
established, it needs to
be embedded with a
secondary structure. This
can be further designed
with the depth/size of
the members and the
density.

This is the organization
of how the structure is
used. This is based off
the overall expression of
the form and it’s
program.

Figure (4.1.2)
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C1

C2

Spatial Types

Spatial Arrangements

Small Spaces

Space within a space

Large Spaces

Interlocking

Tall Spaces

Adjacent Spaces

Wide Spaces

Space linked by common
space

A space can be
subdivided based on the
program and as such
there as associated
spatial qualities that have
a known psychological
qualities.

Narrow Spaces

S

This final component is
only applied if a form is
subdivided using internal
spaces.

The matrix is broken down into three main
components, A-FORM, B-EMBEDDED, and C- which
have an emphasis on programmatic implications of the
space, such as adding walls and partitions. It should
be noted that the same choices can be applied to the
scale of the form, being the size of the space and the
organization of the form.

S/W

L
I
T
A-S
W
L/S
N

Figure (4.1.3)
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4.2 DESIGN TOOL- SCRIPTING LOGIC
Vault Form-Finding

The research and exploration into form finding
is strictly through the use of rhino and
grasshopper. This computational design process
allows for quick form-finding iterations that
can be adjusted as needed to fit the program.
The idea behind this is to take the simple centenary
curves and creating vaulted forms that are spatially driven.
This is the baseline script used to achieve a vaulted
form based on the gravitational load on a surface.
The result of the form is expressed by the red “Mesh”
toggle at the end of the script. This initial form is
the overall massing and form of the space and as a
result, gives the individual their initial arousal from the
space. From this primary experience, the secondary
element of the embedded structure is related directly
to the cognitive awareness of the space. Both of
these impressions result in an emotional response.

Primary Form

The Unit Z factor
determines the primary
form, either tension or
compression. Dialing the
number slider as either a
-1 results in a tension
based form and a 1
results in a compression
based form. 0 remains
flat.

Primary Shape

The Surface nod
determines the primary
shape. This allows for any
surface to be used as the
primary base from which
the resultant form is
constructed.

Formal Expression

Spatial Types

The Anchor points and
method of mesh creation
determine the formal
expression. Lines can be
lofted together manually
once the form is set or
the mesh can be
predetermined by anchor
points.

The Spatial Type is
determined by a number of
factors: initial surface area,
Mesh surface count, Edge
lengths, and strengths.

Spatial Arrangement

The spatial arrangement is
a non scripted parameter.
To achieve the desired
spatial arraignment, the
found form can be array in
the direction and number
necessary to achieve the
intended spatial result.
Given that the focus of the
creation of singular space,
the arrangement is a
tertiary aspect of the form
finding process, the focus
of this parameter is not a
significant factor for the
initial form finding process.
This parameter will be
explored in the final
design.

Figure (4.2.1)
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Loft Form-Finding

The logic in this script is taking the simple centenary
curves and creating lofted forms that are spatially driven.
Taking a series of forms at varying, heights, distances
apart, and the number of curves results in a vaulted form.
This is the baseline script used to achieve a lofted
form based on the gravitational load on a curve. The
result of the form is expressed by the “loft” toggle
at the end of the script. Again, This initial form is
the overall massing and form of the space and as a
result, gives the individual their initial arousal from the
space. From this primary experience, the secondary
element of the embedded structure is related directly
to the cognitive awareness of the space. Both of
these impressions result in an emotional response.

Primary Form

Feeding into the
“Catenary” port is the
gravity. This determines the
gravitational load, being -1
as a negative load and 1
being positive. This results
in a tension or
compression based form.

Primary Shape

Feeding into the
“Catenary” ports A + B,
these points can be
located on a grid to create
a base form that is
determined by the location
of these points, being
square, triangulated, or
curved.

Formal Expression

The initial curves are made
by the “catenary” are
lofted together by the loft
port and results in the
final form being expressed.

Spatial Types

To determine the spacial
type, the initial points can
be manipulated to achieve
a plan layout and then the
length of the curve
determines the length
number slider determines
the height of the overall
form.

Spatial Arrangement

The spatial arrangement is
a non scripted parameter.
To achieve the desired
spatial arraignment, the
found form can be array in
the direction and number
necessary to achieve the
intended spatial result.
Given that the focus of the
creation of singular space,
the arrangement is a
tertiary aspect of the form
finding process, the focus
of this parameter is not a
significant factor for the
initial form finding process.
This parameter will be
explored in the final
design.

Figure (4.2.2)
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4.3 DESIGN TOOL - EXAMPLES
Example Forms
Primary Form

Formal Expression

Vault Form

Primary Shape

C-S-V-S
Loft Form
Primary Form

Formal Expression

Primary Shape

T-S-L-S
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4.4 PRIMARY STRUCTURE - MORPHING
Primary Shape
Unchanged/Morphed

C

T

Translating

Cutting

R

Rotating

Ref

S

Scaling

S

Figure (4.4.1)
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T

C

Figures (4.4.2)
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Condensed Diagram
Primary shape

Translating

Cutting

Rotating

Reflecting

Scaling

Figures (4.4.1)
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4.5 FORMAL EXPRESSION

L

L

V

V

T T

C C

R R

S S
Ref Ref

Figure (4.5.1)
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4.6 FORMAL ORGANIZATION
L

C

Figure (4.6.1)
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Figure (4.6.2)

Design Methodology and Studies

106

R

C

Figure (4.6.3)
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Figure (4.6.4)
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G

G

Figure (4.6.5)
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SUMMARY
The design methodology created allows for limitless
use of the catenary curve as a form-finding/spacemaking process. As shown, the process can be
repeated and applied as each design and form can be
explored over and over with slight variations of each
form. The goal of the process was to introduce how
the methodology works, how it can be applied, and
the results of those applications. Being a showcase
of process, the results do not necessarily reflect nor
support the focus on making a particular spatial quality.
Having understood how the system works and set rules
and parameters work, the next series of explorations
with focus on how to push the methodology and
explore a greater level of design potential through
multiple moves and the resulting forms in tension and
compression.
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FORM FINDING - MULTI-MORPHING

4.7 MULTI-MORPHING COMPRESSION

COMPRESSION

Vault Form-Finding

Figure (4.7.1)
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TENSION

Figure (4.7.2)
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4.8 MULTI-MORPHING-TENSION

TENSION

Figure (4.8.1)
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FROM FORM TO FUNCTION

Figure (4.8.2)
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4.9 FROM FORM TO FUNCTION
Moving forward, I have chosen to focus on forms
that are intended to be lofted together to enclose
the space. Still, without a program, these forms are
structural expressions of space. Taking the gathered
information from the form studies, these next series
of form-finding models explored the expressive nature
of the structure and relationship of multiple forms
working together to make spaces. As opposed to lines
in the previous studies, these models use thickness to
provide an understood visual element to the structure.

Figure (4.9.1)
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Figure (4.9.2)
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Figures (4.9.3)
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Arched Forms

Iteration 1

Iteration 2

Iteration 3
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Iteration 2

Iteration 3
Figures (4.9.4)
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Iteration 1

Figures (4.9.5)
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4.10 EMBEDDED SECONDARY STRUCTURE
Secondary Structural Grid Types

This design matrix is the base guideline for
establishing the embedded structure within a found
form. This works off the cognitive experience of the
space due to the structural design of the secondary
elements. The qualities of the structure refer back
to the intended emotional response of the space
to further reinforce the qualities for the occupants
or work on a secondary expression that evokes a
merging of feelings.

Quad/Gridded

Diamond

Hexagonal

Braced Grid

The five examples are grid types that can be utilized
to resist lateral loads. Given that the catenary curve
is based on vertical loads, it needs a bracing system
between the main structural forms. There is two main
expressions of these grids, either solid (top) or
piped/linear (bottom).
The solid forms allow for depth within the framework.
Having greater massing and overall structural
impression, this would be best utilized in spaces that
wanted a more formal and rigid experience.
The linear elements allow for a cleaner form that is
light and less expressive. This allows for a softer feel
of the overall space and would best be used in less
serious or creative spaces.

Figure (4.10.1)
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Form Embedded- Examples

After the initial approach to form finding has been
explored and understood, the next step was to embed
structural aspects into the form.

Shear Wall

Quad/Gridded

Diamond

Hexagonal

Braced Grid

The key component in this process is the creation
of meshes. Once the form is divided into a series
of meshes, they can then be connected via a series
of elements. In the case of this example, the mesh
edges are constructed into pipes. These pipes then
become the structural support frame for the space.
This will also become a touchstone from which the
vaults and shell examples can be applied. Once the
embedded structural approach has been established
and the form has been found, the embedding of the
structural elements can then be manipulated based on
the psychological needs.
As the design matrix has suggested, the density
and overall expression lead to spatial qualities. The
following page has a series of secondary structures
that give spatial qualities. The creation of these spaces
is a product of the density of their expression Going
a step further, the research showcases how they
form, and embedded structural density can be applied
to the three initial shapes(square, circle, triangle).
The exploration also concludes the experimentation
with embedding a form and leads into the application
of a program into a form.

Figure (4.10.1)
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Braced Grid

Diamond Braced

Cross Braced

Hexagonally Braced

U:10
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U:15

U:20

U:25

U:30

V:7

V:10

V:13

V:15

Figure (4.10.1)
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NG LOGIC - FORM AND EMBEDDED DENSITY

pt allows for the density and height to be adjusted
ial qualities. The final results in a density of arches
arches themselves. These arches are then lofted
basis of the embedded aspect of the form.

4.11 SCRIPTING LOGIC - FORM AND EMBEDDED
Programing Space

This form-making script allows for the density
and height to be adjusted to suit the desire
spatial qualities. The final results in a density of
arches and the height of the arches themselves.

These arches are then lofted together and give
the basis of the embedded aspect of the form.
Taking the form and its surface area this script
becomes the embedded structure, diving the surface

Taking the form and its surface area this script becomes the embedded
structure, diving the surface based off the structural grid applied and then
adjusting the density and depth of the members as desired for the
intended spatial experience.

based on the structural grid applied and then adjusting
the density and depth of the members as desired for
the intended spatial experience.

Figure (4.11.1)

Figure (4.11.2)

Reflected Ceiling
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Figure (4.11.3)
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Reflected Ceiling

Internal Perspective

Reflected Ceiling

Internal Perspective

Figure (4.11.4)
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CH.5 DESIGN OUTCOMES
Taking the design methodology, this section is a
singular possibility out of nearly limitless uses of
the design methodology created. By introducing a
program, I have taken the process and developed
a space in which I have a personal interest,
the creation of a gym/recreation space that is
designed to be elevated, kinetic, and energetic
for the users.
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5.1 PROGRAMMATIC RESPONSE
Structure

Gym Typology - Taking a look at basic circulation
of a typical gym flow, I developed 3 of the most
common layouts. These layouts are then synthesized
into a singular plan the combines all the major
paths to make a more fluid and cohesive plan.
Then I took that plan a modified it to create a plan

Variation 1

that fully embraces the circulation and becomes the
programmatic circulation in which I will place in a
form. The Form to the right is the best fit form
based on the program and works well with the initial
experiential qualities it has.

Variation 2

Office Typology - Taking a look at basic circulation
of a typical office layout, I developed 3 of the most
common layouts. These layouts are then synthesized
into a singular plan the combines all the major
paths to make a more fluid and cohesive plan.
Then I took that plan a modified it to create a plan

energetic, kinetic, elevated

Variation 3

Variation 1

Synthesis

that fully embraces the circulation and becomes the
programmatic circulation in which I will place in a
form. The Form to the right is the best fit form
based on the program and works well with the initial
experiential qualities it has.

Variation 2

rhythmic, fluid, focused

Variation 3

Figure (5.1.1)

Figure (5.1.2)

Modified

Modified

Conceptual Massing

Conceptual Massing
Figure (5.1.3)
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5.2 INITIAL FORM
Basic massing

The density of arches allows for a better
understanding of the form and spatial qualities but
does not reflect the intended design approach. There
is also no embedded secondary structure or use of
materiality yet, rather the emphasis is on the use
of the catenary arches as makers of space. Taking
this form, I will go through a series of iterations
that explore the density of the primary form and
the secondary structure. Once completed, the most
appropriate combination of densities and expression
will be chosen for the final design.

E3
E2
A
E1

Figure (5.2.1)

Figure (5.2.2)
B

D

Figures (5.2.3)

Figure (5.2.4)

141

Embedded Form |Huntington Brown

Design Methodology
Designand
Outcomes
Studies

142

5.3 DESIGN EXPLORATIONS
Series 1

Main Arches

Secondary Structure

(L)ow

(L)ow

L-M

(M)edium

L-H

(H)igh

Combined

Angled Perspective

Central Perspective

The focus of this series is a low density of arches
that make the form. Then the three varying density
of the embedded secondary structure is placed within
the form and the results are expressed to the right.
Low-Low Low-Medium Low-High

L-L

Figure (5.3.1)
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Series 2

Main Arches

Secondary Structure

(M)edium

(L)ow

M-M

(M)edium

M-H

(H)igh

Combined

Angled Perspective

Central Perspective

The focus of this series is a medium density of
arches that make the form. Then the three varying
density of the embedded secondary structure is
placed within the form and the results are expressed
to the right.
Medium-Low Medium-Medium Medium-High

M-L

Figure (5.3.2)
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Series 3

Main Arches

Secondary Structure

(H)igh

(L)ow

H-M

(M)edium

H-H

(H)igh

Combined

Angled Perspective

Central Perspective

The focus of this series is a high density of arches
that make the form. Then the three varying density
of the embedded secondary structure is placed within
the form and the results are expressed to the right.
High-Low High-Medium High-High

H-L

Figure (5.3.3)
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5.4 DESIGN EXPLORATIONS
Expressed Form

Skin as an embedded system

Figure (5.4.1)
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Figure (5.4.2)

Figure (5.4.3)
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Expressed Form

Form enclosed in a skin

This design approach places the main structure
on the outside as a separate expression of the
form while the inner massing is made up of the
secondary structure. This gives a dynamic, though
more disconnected approach to the use of the design
methodology.

This design approach places the main structure and
secondary structure on the inside of the from this
expression allows for a varying use of the skin/clad
material. There is also an ambiguity to the form itself
and this yields a more powerful spatial experience as
it is not already expressed until entering the space.
Moving forward to the final design, this concept is
the initial concept from which I will finalize a design.
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5.5 FINAL DESIGN
Embedded Form

The final design I moved forward with was the form
enclosed in a skin. The focus of this was not the
material quality of the skin or how it could be clad ed
but rather the nature of the internal spatial qualities
expressed. As noted from the series of tests and
experimental renderings, the final design is intended
to showcase one approach, beginning to end of how
the methodology can be used and showcase how we
can think of the use of structure in an innovative way.

Figure (5.5.1)
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Figure (5.5.2)
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Section BB

Figure (5.5.3)
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Figure (5.5.4)
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Scale Explorations

Site Plan
BB
TITANIUM SHEETS
ANCHORS

EXTERNAL VAPOR BARRIER
EXTERNAL SHEATHING

INSULATION

HORIZONTAL STUD

AA

AA

INTERNAL SHEATHING
CROSS BRACING PIPED

Figure (5.5.6)

BB

Figure (5.5.7)

GLAZING

Figure (5.5.5)

CAST IN PLACE WALL BASE

ARCH ANCHOR/FOOTING

Section AA
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Figure (5.5.8)

Figure (5.5.9)
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Figure Embedded
(5.5.10)
Form |Huntington Brown
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Figure (5.5.11)
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Figure Embedded
(5.5.12)
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Figure (5.5.13)
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Figure Embedded
(5.5.14)
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Figure (5.5.15)
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5.6 FINAL PRESENTATION
RESEARCH AND DESIGN METHODOLOGY

Figure (5.5.16)
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IMPLEMENTATION AND FINAL DESIGN

Figure (5.5.17)
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Final Remarks

Taking this research, I hope that it has brought
about a new way of thinking about structure, not
just as a way to bring structure into form but as
a maker of space. Moving forward, materiality is a
heavily influential component that was not able to be
explored but nearly every material can be applied in
this methodology and thus further the spatial qualities.
Given the intent to bring about better spaces for
those who inhabit them, I hope that this research as
brings into the awareness that the spaces we make
as designers have an impact long after the design is

done and that we should be attentive to the qualities
of spaces we make. After our, first and foremost
our responsibility is to the safety and welfare of the
public. So I challenge that notion, and ask to take it
a step further. A step that leads to spaces that help
not only serve their purpose but enhances the quality
of life for everyone who uses it.

FULL PRESENTATION
RESEARCH

DESIGN MATRIX - METHODOLOGY

EXPLORATION - FORM TO FUNCTION

FINAL DESIGN - EMBEDDED FORM

Figure (5.5.18)
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APPENDIX
The section explores designing a single structural
element, specifically that of a beam. The form
itself was found through the use of the shear
and moment diagrams to optimize the beam
based on internal forces. the design was formed
through the use of fabric textile hanging in the
shape of a catenary curve. The textile impression,
along with the catenary form, resulted in a beam
that was architectural, emotionally evocative, and
theoretically structurally optimized.
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MATERIAL STUDIES
Design - Individual Element Study

With the research and concepts of form-finding
having been researched, this exercise is an example
of designing with forces. Though different than the
concepts explored, the idea is the same. What if we
designed a singular element based on forces? How
can this be achieved and how does this approach
become an expressive architectural element?
By taking the shear and moment diagrams one can
merge these two force diagrams and this profile
becomes the design of the structural element. To
implement the use of the catenary curve, the fabric
becomes the medium from which we can cast this
beam and as a result, the fabric itself becomes an
embedded aspect of the design.
Through mathematical diagrams, to formwork design
and exploration, the final results can be seen on the
next page. Form and Function working in harmony
the shape of a structural element that is embedded
with an element of design.

LL

L

M

V

M

Figure (A.1.1)
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Figure (A.1.2)
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Build - Formwork Design

With the logic and design of the beam created,
the next step was to build the formwork to get the
shape of the beam correct. To keep the formwork
as flexible and easy to assemble as possible, it is
made up of 2x4s and plywood. Screwed together,
the intent is that it can be used again and again
so that it does not have to be destroyed after
each use. The key component in the plywood sheets
pinches the fabric together to shape the beam. The
rest of the fabric material is hung from the top of
the formwork and it itself is pinched in to place by
wood and clamps. The rebar is shaped using the
same plywood component to ensure that it remains

The Axon and elevation drawing of the formwork
shows the simple design, efficient use of materials,
and ample room to view the pouring of the cement
into the fabric material. This also allows for which an
easy assembly of the formwork when casting or quick
tear down once casting is complete.

Axon

Exploded Axon
Figure (A.1.3)
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Long Elevation
Figure (A.1.4)
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Construction - Casting

Taking the shop drawings, the formwork was
constructed and the rebar was shaped by the plywood
that shaped the profile. Using Type 3 cement and
superplasticizer, the first trials of casting have been
completed with design adjustments being made.

Figure (A.1.5)
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Figure (A.1.6)
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